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OBSERVATIONS ON GLYCOGEN IN EPITHELIAL TUMORS*
ROBERT W. GOLTZ, M.D., RAMON M. FUSARO, M.D. AND JAMES JARVIS, B.S.
The purpose of this study was to test, in the
light of the findings in a number of benign and
malignant epidermal and appendageal tumors,
the several theories which have been put forward
to explain the role of glycogen in cutaneous
epithelium. It was reasoned that any theory
satisfactorily explaining the findings in normal
epithelium would probably apply also to epithe-
hal neoplasms.
MATERIALS AND METHODS
The tumors studied included basal and squa.
mous cell carcinomas, senile and seborrheic
keratoses, arsenical keratoses, Bowen's disease,
keratoacanthomas, verrucae and molluscum con-
tagiosum, and a number of benign appendageal
tumors, including trichoepitheliomas, sebaceous
adenomas, cylindromas, nevus syringomatosus
papilliferus, sweat gland adenomas, eccrine
poromas, spiradenomas, and syringomas. Re-
ports on detailed findings in regard to glycogen
as well as nonglycogen carbohydrates in all these
tumors have been or soon will be published. Only
those findings pertinent to the questions at hand
will be presented in this paper.
All tumors studied were fixed in 10% formalin
solution, mounted in paraffin and sectioned in
the usual manner. Glycogen was identified by
the periodic acid-Schiff technic, controlled by
malt diastase.
cOMMENT
Since glycogen is not transported as such in
the blood stream, its presence in the epidermis
and appendages, providing the unlikely possi-
bility of diffusion from the corium can be ruled
out, bespeaks local synthesis of this substance,
probably from glucose. Further evidence of
local glycogenesis is the presence of the enzymes,
hexokinase (1, 2), phosphorylase (3, 4, 5), and
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amylo-1 ,6, -glucosidase (5, 6). Wohnlich (7) has
produced some evidence that lactic acid may also
be utilized for the production of glycogen. Gly-
cogenolysis has been demonstrated in normal
skin under both anaerobic and aerobic condi-
tions by Berenhium, Chain and Heatley (8).
Where glycogen is demonstrable, glycogenesis
has exceeded glycogen utilization. When no
glycogen is present, one or both of two sequences
of events may have occurred:
1) There has been no glycogenesis.
2) Glycogenolysis has kept pace with or ex-
ceeded glycogen formation.
Evidence from this study indicates that both
mechanisms may have been operative in different
tumors, or both simultaneously in thc same
tumor. However, the presence or failure of gly-
cogenesis is probably the more important.
Relationships Between Glycogen
and 11/Iitotic Activity
Bullough (9) demonstrated that mitosis in the
mouse epidermis could be stimulated by elevation
of the blood sugar, especially when additional
phosphate was made available, and could be in-
hibited by lowering the blood sugar or by inhibi-
tion of phosphorylation. He related this to the
diurnal variations in the rate of mitotic activity,
and its slowing after muscular exercise.
Montagna et at. (10) postulated that there is an
inverse relationship between epidermal glycogen
and mitotic activity, and offered this as ex-
planation for the absence of glycogen from
the basal layer and hair bulb. Montagna's
hypothesis is supported by the work of Lobitz
and Holyoke (11), who showed that after con-
trolled injury to the epidermis, basal cells may
accumulate glycogen in the first few hours, but
that it disappears as mitotic activity reaches its
peak.
In contrast, fetal skin is rich in glycogen,
despite greater mitotic activity than adult skin.
Rothe (12) denied a relationship between gly-
cogen content and proliferative capacity, and
the finding of increased amounts of glycogen in
the epidermis in a number of atrophic states also
speaks against any such conclusion. Washburn
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(13) demonstrated by tissue culture experiments
that glycogen accumulates in cells wandering
out from the explant, even in the basal layer,
despite intense mitotie activity in these cells.
Washburn also referred to the work of Clement
(14), who found no disappearance of glyeogen
from the cells of planaria during mitosis, and to
that of Preto Parvis (15), who found no correla-
tion between the glycogen content of cells and
their ability to proliferate. Hutehens et at. (16)
determined that glyeogenolysis is insignificant in
segmenting sea urchin eggs, in spite of intense
mitotic activity.
Braun-Faleo (17) noted that mitotic cells in
spinocellular carcinoma were free from glycogen,
and we have observed the same thing in squamous
cell carcinomas and especially in Bowen's disease
and arsenical keratoses.
However, no other correlation between mitotie
activity and the absence of glycogen was observed
in the tumors studied. For example, squamous
cell carcinomas almost always contain large
amounts of glyeogen (fig. 1), even though they
are presumably more actively growing than basal
cell epitheliomas, which usually contain little or
no glycogen (fig. 2). Similarly, in benign ap-
pendageal tumors and in benign epidermal
hyperplasias there are pronounced differences in
the glyeogen content which cannot be explained
in terms of differences in the growth rate (fig. 3,
4, 5, 6). It seems possible that mitosis may result
in transitory depletion of glycogen in individual
cells, but that the extent of mitotie activity in
any tumor has little relation to the total glycogen
content.
Glyeogen in Relation to Keratinization
Montagna et at (10) emphasized the relation-
ship between glycogen accumulation and kera-
tinization. These authors felt that glyeogen acts
as a major energy source for the protein synthesis
needed for keratinization, therefore glyeogen
does not accumulate in sites of normal keratini-
zation of epidermis. But the abundant glycogen
in the external root sheath of the hair follicles
was also regarded as a source of energy for kera-
tinization. In the epidermis, accumulation of
glycogen around crevices and cysts was inter-
preted as resulting from impairment of glyeogen
utilization because of "damming up" of keratini-
zation. Argyris (18) found an accumulation of
glycogen in the epidermis of skin with resting,
but not growing, hair after injury with methyl-
eholanthrene. This could have resulted from
failure of utilization of glycogen for keratiniza-
tion.
The soft palate epithelium, which does not
keratinize, contains glycogen, while the kera-
tinizing hard palate contains none (19). The
opposite is true in the vaginal mucosa, however,
FIG. 1. Squamous cell carcinoma. Abundant glycogen is present. PAS Stain
•t1t
..' •1
-, '' -
- 'lipa'
GLYCOGEN IN EPITHELIAL TUMORS 333
FIG. 2. Basal Cell epithelioma. No glyeogen is seen in the tumor masses. PAS Stain
FIG. 3. \Terruea vulgaris. Only a little glyeogen is seen. PAS Stain
in that when keratinization is induced by estro-
genie stimulation, it is paralleled by an accumula-
tion of glycogen in the cells (20). Dupre (21) and
also Braun-Falco (17) found in a number of
pathologic states that where keratinization is
accelerated the glycogen content of the prickle
cells is increased.
That there is a relationship between keratini-
zation and glycogen accumulation is confirmed
by the findings in the tumors studied. Such kera-
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tinizing tumors as squamous cell carcinomas
(fig. 7) and trichoepitheliomas (fig. 8) invari-
ably contain abundant glycogen. Just as in
inflammatory states, glycogen is particularly
abundant in the several cell layers immediately
surrounding the appearance of keratin, in this
case, horn pearls or keratinized cysts. As in "nor-
mal" keratinization, the glycogen disappears
abruptly at a point corresponding to the stratum
granulosum. The same applies to keratinizing
basal cell epitheliomas. As noted above, basal
cell epitheliomas usually contain little or no
glycogen, but whenever areas of keratinization
occur, they are invariably surrounded by an
FIG. 4. Molluscum contagiosum. Much glycogen is seen in the peripheral layers of cells, none in the
central cells containing molluscum bodies. PAS Stain.
FIG. 5. Eccrine poroma. There is abundant glycogen in the tumor masses. PAS Stain
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accumulation of glycogen extending out several
cell layers, and disappearing abruptly at the
"stratum granulosum" (fig. 9).
These findings in tumors support the theory
that glycogen is necessary as an energy source
for keratinization. It should be remembered,
however, that keratinization does not occur
abruptly at any given point in the rete, but is a
gradual process apparently beginning far down
in the epidermis, perhaps even in the basal layer.
Energy from glycogen may be needed, therefore,
in only part of the biochemical process leading
to keratin formation. In normal epidermis, in
which glycogen is not usually found, it is probable
that glycogenesis is equal in rate to glycogenoly-
sis, indeed, that the supply of glycogen may be
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FIG. 6. Eccrine spiradenoma. No glycogen is seen in this tumor. PAS Stain
FIG. 7. Squamous cell carcinoma. Keratinizing area surrounded by an accumulation of glycogen which
disappears abruptly at the point where keratin appears. PAS Stain.
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Fiu. 8. Trichoepithelioma. Same findings as Fig. 7. PAS Stain
FIG. 9. Keratinizing basal cell epithelioma. Glycogen is present only around keratinized cysts. PASStain.
the limiting factor in keeping keratin formation
proceeding at a normal rate, whereas in the nor-
mal external root sheath and in pathologic epi-
dermis, glycogenesis exceeds glycogenolysis and
glycogen accumulates in sufficient excess to be
demonstrable histochemically. This could result
from either accelerated glycogenesis or diminished
glycogcnolysis.
While it is probable that glycogen is necessary
for at least part of the process of keratin forma-
tion, the converse, that accumulation of glycogen
in epidermal cells is always followed by the ap-
pearance of keratin, is not true. A number of
tumors containing large amounts of glycogen
showed no evidence of keratin formation. If
glycogen plays any important role in these tu-
•:-
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mors it is in metabolic functions other than kera-
tinization.
Relationship of Glycogen to Secretory
Activity in Tumors
Shelley and Mescon (22) observed that in
eccrine sweat glands glycogen disappears during
active sweating and returns to normal levels
during the resting state. These authors postu-
lated that glycogen acts as a reserve source of
energy for sweat secretion. In most tumors of
ecerine origin, it is probable that there is only
rudimentary secretory activity, if any. Utiliza-
tion of glycogen for secretory activity might
therefore be expected to be at a low level, little
greater than that in resting cells in normal glands.
There is some evidence of secretory activity in
such tumors as eccrine adenomas, eylindromas,
and syringomas, as evidenced by the presence of
lumens filled with material giving the same histo-
chemical reactions as that contained in normal
ecerine and apocrine sweat glands. However, no
relationship between secretory activity and gly-
cogen was found. Cells of syringomas are full of
glycogen (fig. 10) while those surrounding adenoid
lumens in cylindromas contain none (fig. 11).
Relationship of Glycogen to Oxygen Supply
Barron et at (2) found anaerobic glyeolysis to
be much higher in fetal skin, which contains
glyeogen in the epidermis, than in adult skin,
which normally contains no glycogen. Bradfield
(23) incriminated anaerobic conditions in the
epidermis of healing wounds for the accumula-
tion of glyeogen. The lack of sufficient oxygen
forces the cells to rely on anaerobic metabolic
pathways which, being less efficient than aerobic
glycolysis, require more glycogen to supply
equivalent energy. This theory, besides being
objectionable because of its teleological implica-
tions, was contradicted by Washburn's observa-
tions in tissue culture experiments (13), in which
outwandering cells, despite adequate oxygena-
tion of the nutrient medium, accumulated gly-
cogen in large amounts.
Nor is Bradfield's theory substantiated by the
findings in the series of tumors studied. While it
is true that in many tumors in which the centrally
located cells contain glycogen the peripheral layer
or layers of cells, corresponding in position to the
basal layer of the epidermis, contain no glycogen
(fig. 12), still basal cell epitheliomas whose cell
masses are large enough to have undergone cen-
tral avascular necrosis show no glycogen, even
in the cells lying deep within the tumor masses,
far from any source of oxygen (fig. 13). Con-
versely, infiltrative tumors and adenoid tumors,
all of whose cells lie comparatively close to the
stromal blood supply, may show large amounts of
Fia. 10. Syringoma. The cells surrounding the lumens are packed with glyeogen. PAS technique
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LtI'
338 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
glycogen; they are, in fact, more likely to do so glycogcn as a result of either elevation or de-
than epitheliomas whose masses are large. pression of blood glucose levels, Washburn (13)
proposed to explain his finding of glycogcn inGlyco yen in Relation to Glucose Supply outwandcring cells in tissue cultures on the basis
Despite the fact that Cornblcet (24) and others of the high concentration of glucose in the sur-
showed that there is no variation in cutaneous rounding nutrient medium. This hypothesis does
Fja. 11. Cylindroma. An adenoid structure is seen at the right side of the photomicrograph. The
cells elsewhere in the tumor and the cells surrounding the lumen contain no glycogen. PAS technic.
Rio. 12. Basal cell cpithelioma. The central cells contain glycogen, peripheral cells do not. PAS tech-
nique.
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FIG. 13. Basal cell epithelioma with central necrosis of tumor mass. No glycogen is seen in the tumor.
not appear to offer a reasonable explanation for
the distribution of glycogen either in tumors or
in normal skin. If it were correct, then epidermal
basal cells and the peripheral cells of tumor
masses, being closest to the blood supply, should
contain more glycogen than cells high in the rete
or in the center of tumor masses. The opposite
is in fact the case in almost all instances. On the
other hand, as Scothorne and Scothorne (25)
have pointed out, if one adopts the suggestion of
Bradfield (23) that glycogen accumulates be-
cause of an insufficiency of glucose and oxygen,
thus forcing the cells to fall back on anaerobic
pathways to meet their energy requirements,
then it is difficult to explain the source of the
glycogen, since presumably any glucose reaching
the epidermis or tumor would be immediately
utilized for energy and not be available for gly-
cogen synthesis.
Glycogen Accumulation as a Degenerative
Phenomenon
The old concept of "glycogenic degeneration"
(26) in tumors has no logical basis and does not
seem to offer a reasonable explanation of the
distribution in either normal skin or in the epithe-
hal tumors under consideration. Scothorne and
Scothorne (25) pointed out that it is not an ade-
quate explanation for the accumulation of gly-
cogen in grafted skin. In basal cell epitheliomas
which have degenerated to the point of central
avascular necrosis there is no glycogen storage.
Nor is glycogen limited to rapidly growing or
embryonal tumors, being found in a number of
slowly growing, well differentiated benign tumors
as well.
Enzymes in Relation to Glycogen
The presence or absence of certain enzymes
may offer the best explanation for the distribution
of glycogen in both benign and neoplastic epithe-
hum. The enzymes important in the conversion
of glucose to glycogen are hexokinase, phos-
phorylase and amylo-1 ,6-glucosidase. These en-
zymes have all been shown to be present in the
epidermis (1, 2, 3, 4, 5) and Ellis and Montagna
have been able to demonstrate that maximal
phosphorylase and ainylo-1 ,6-glucosidase activity
in the epidermis is present in those sites where
glycogen accumulation most readily occurs. In
the epidermis, moderate activity was found in
the middle layers of the stratum Malpighi. Less
phosphorylase activity and no amylo-1 ,6-glu-
cosidase activity were found in the basal layer.
In the appendages, marked enzyme activity was
observed in the external root sheath and in the
eccrine secretory coil.
The presence or absence of these enzymes
needed for glycogen synthesis may be important
in explaining the distribution of glycogen in tu-
S
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mors derived from the cutaneous ectoderm. We
are now in the process of applying these methods
to tumors as well as to normal skin. Early results
indicate that just as in normal skin, sites of
glycogen accumulation in tumors are marked by
enzyme activity.
Assuming that the relationship between gly-
cogen and enzyme activity proves constant, how-
ever, the fundamental question of the role of
glycogen in normal epidermis and tumors is still
not settled, since there is as yet no explanation
for the presence or absence of these enzymes.
Enzymatic effects on glycolysis in the skin are
less well understood. The epidermis may be
capable of directly hydrolysing glycogen through
its inherent diastatic activity, glycogcn may be
reconverted to glucose through a reversal of the
process of glycogenesis, or anaerobic glycolysis
by way of pyruvatc and lactate, or oxidation
through a full or modified citric acid cycle may
occur.
SUMMARY AND CONCLUSIONS
Glycogen presence or absence from epithelial
tumors may be explained by the operation or
failure of glyeogenesis and glycogen utilization.
Glycogenesis appears to be the more important
of the two mechanisms.
Except for short intervals in individual cells,
absence of glycogen from tumors is not due to
mitotic activity. Keratinization is invariably
preceded by an accumulation of glycogen, which
may be required for energy before keratinization
can proceed beyond its early phases. But glycogen
accumulation is not necessarily followed by
keratinization.
With the exception of the absence of glyeogen
from the peripheral layers of cells in some tumors,
the presence or absence of glycogen has no appar-
ent relationship to the availability of glucose or
oxygen. The old concept of glyeogen deposition
as a degenerative phenomenon is not supported
by the results of this study.
Glyeogen presence or absence from eetodermal
tumors is probably best explained by reference
to the ability of the cells involved to form gly-
eogen from glucose or possibly lactate. This
ability may depend on the presence of phos-
phorylase and amylo-1 ,6-glucosidase activity.
Further studies to examine this hypothesis are
now in progress.
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DISCUSSION
DR. THEODORE COENBLEET (Chicago, Illinois):
Because of the contradictory evidence regard-
ing the effect of various factors such as blood
supply, degeneration, etc., on the amount of gly-
cogen in cells, I too believe it most probable that
cellular enzymes determine the quantity of gly-
cogen present. However, outside factors also
may influence this enzyme milieu. For example,
Lane and coworkers at the University of Illinois
last year found a relationship between availabil-
ity of vitamin A and the amount of glycogen
accumulation. More recently they modified their
view. They now hold that the vitamin A influence
on glycogen is indirect—through the adrenal
cortex. Further studies of keratinization could be
a key approach to the understanding of the effects
on cells of glycogen and vitamin A.
In syringoma we found the glycogen stores
are not altered by direct pharmacological stimu-
lation of the structures, nor was there any sweat
secreted. I would like to ask Dr. Goltz what
effect parakeratosis has on glycogen stores.
Some years ago I found an abnormal glycogen-
glucose relationship in psoriasis. One would like
to know, too, how much glycogen is present in
the epidermis in Darier's disease, with its faulty
keratinization, and because this dermatosis
responds favorably sometimes to vitamin A.
DR. STEPHEN ROTHMAN (Chicago, Ill.) If
glyeogen accumulation is not always followed by
keratinization, it is still possible that such accu-
mulation is a necessary pre-requisite of keratini-
zation. I cannot see that this latter postulate has
been disproved.
DR. ROBERT W. GOLTz (in closing): I want to
thank Dr. Cornbleet and Dr. Rothman for their
discussion of this paper.
Of course, the fact of glycogen being present
or absent depending on the presence or absence
of enzymes doesn't explain the more fundamental
question why these enzymes are present. We
still don't have the answer to the final role of
glycogen in the metabolism of these tumors.
In regard to the question of the connection of
pnrakeratosis and the accumulation of glycogen,
we haven't studied this question in particular.
However, almost all inflammatory states are
characterized by the accumulation of glycogen
in the epidermis.
I agree with Dr. Rothman that glycogen may
be necessary for keratinization, but in normal epi-
dermis, it does not accumulate in amounts suffi-
cient for histochemical demonstration.
